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The Conservation Lab at the National Archives continually augments and re-evaluates its disaster and recovery plan with
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experience gained from previous emergency events. Due both to the small scale of the holdings affected, or the imperative of
security and privacy requirements, very little has been sent off-site for drying--the exception being the case study just described
by Susan. Thus our opportunity to experience and evaluate the results from various vendor drying services has been limited.

The conservation staff consults and strives to keep current with the body of authoritative resources that exist. Most recovery
guides convey the bottom line, as they should, and recommend one drying method over another for a particular material. As most
of you know, archival holdings represent awide variety of formats and media that may often be contained in one box. If the
emergency affects a moderate to large quantity of holdings, sorting and culling out disparate materials from wet records may not
be practical or even possible.

The conservation lab decided to carry out asmall drying project to observe the results of these recommendations. We set out to
compare the effects of four different drying approaches; air-drying, desiccant drying, vacuum thermal drying and freeze drying,
al on like materials.

The following presentation will share with you how we carried out this small study; some observations that were made; and what
we |learned along the way.
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The study was performed with expendable materials donated by various NARA custodial units. The donations did not represent
the vast universe of media and supports found within archives, but did provide enough samplesto create 7 duplicate sets of 2
cubic feet of paper records. The focus was on of paper records, therefore magnetic, electronic, and film records were not included.
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Items included bound record books, ledgers, various reprographic copies and architectural reproductions, papers with pressure
sensitive tapes, Post-it notes, soluble inks, various metal fasteners and rubber bands, encapsulated items, items placed in polyester
sleeves, coated papers, and photographs.
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Drying methods compared:
= air-drying

= desiccant drying (dehumidification)
on-site In a temporary chamber
drying in-situ (boxes left on shelf)
drying off-site (sent to vendor)

= yacuum freeze-drying

= thermal vacuum freeze-drying

Air Drying-- involves drying recordsin a workspace at room temperature. Typically materials are spread out on, or
interleaved with, absorbent papers. In someinstances materials may bedried under restraint in a stack of weighted
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blotters.

Air dryingisamethod that we' ve had a lot of experience with. It gives usthe security and privacy controlsthat are often
required for our holdings, allows usto separ ate out materialsthat need special handling, such as photos, coated paper,
parchment, magnetic media, etc., and providesdirect monitoring of the original order and intellectual control of
materials.

Desiccant Drying --

May also be thought of as dehumidification drying.

Materialsaredried by pumping cycles of moist air out of a chamber and introducing dried (dehumidified ) air at avery
low RH’s, often below 20%

AirTemperaturesvary but usually arein therange of 80-100 F.

Thismethod is often cited in the literatur e as having excellent results for damp collections and allows one to have access to
the materialsduring thedrying process, if that isrequired. It can be performed on-site with equipment rented from a
vendor, employing in-house staff or professionals from the drying service, or items can be sent directly to the vendor for
services. Drying iscomplete within several days, depending on wetness.

Since a chamber was already up and running at the WNRC, we decided to compar e the results of desiccant drying done
by our staff to thosethat were done by a vendor off-site.

vacuum freeze-drying

isgenerally recommended for wet or damp materials which have been previously frozen. It driesthe materialsunder a
high vacuum with temper atur es below freezing and applies cycles of controlled heat. This process causes frozen water to
sublimate to a vapor without passing through theliquid stage. The itemsremain frozen throughout the drying process. It
has the advantage of minimizing the feathering and bleeding of soluble media, allows coated materialsto dry without
blocking, and resultsin minimal distortion to therecords. The process can be performed on-site, or itemscan besenttoa
drying facility. Drying time depends on the wetness of the materials, but can usually be accomplished less than two weeks.

The fourth method we set out to include wasthat of vacuum thermal drying.

Vacuum thermal drying isrecommend for wet or damp materials. Thematerialsaredried in a chamber, under a vacuum
with cycles of warm to hot air. It’s generally recommended for uncoated papersand is often cited as a cost effective option
for archival materials of low intrinsic value. This procedureisnoted to distort paper dueto the freeze and thaw cycles
during drying process and causes coated recordsto block, and exacer bates the feathering and bleeding of solubleinks.
Thedrying timeisusually less than vacuum free-drying, but again dependson initial wetness.

Wein fact, did not investigate this process, despite the fact that thiswasthe service | thought we were purchasing. This
was possibly due to miscommunication of the semantics on both sides and certainly points our the importance of using



clear specifications and accurate terminology by both parties. | sent the materialsfor vacuum freeze-drying, not ther mal
vacuum freeze-drying and only became awar e of the misunder standing when the materials were returned and did not
display the characteristic effects as described in theliterature.

Regar dless, the results from ther mal vacuum freeze-drying provided another useful option for comparison. It’ssimilar to
vacuum freeze drying, in using reduced pressure along with controlled heat to vaporize the water, but also employsa
patented procedureto compressthe materialsinto shape. It’s more expensive, per cubic foot, than vacuum freeze-drying,
thusit was useful to see what the added expense would buy for archival holdings.

We hopeto examine the effects of vacuum thermal drying in the near future, but | do not have the resultsto sharewith
you today.

| would also liketo add that | will not beidentifying the vendor s used in this study. Thisisbeing doneto allow total
freedom in assessing the results. The vendor s wer e awar e of our project and whether this had any effect on how the
materials were handled cannot be determined.

A number of variables existed, which could have contributed to the final observable results on therecords. For example,
all compared recordswerenot identical in structure and media, differential wetting may have occurred at the outset and
the handling and environmental conditionsto which the boxes wer e exposed during transport to the drying facility may
have varied widely.



7 sets of boxes (2 each) were carefully packed with expendable materials. Special care was taken to place all itemsin the same
order. 6 sets were wetted and dried with the 7th set left untreated to serve as a control.
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NARA'’s photo conservator, Brenda Bernier, assisted with the preparation and evaluation of the various drying effects on photo
materials.
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Included in each box of samples was a selection of silver gelatin photographic prints on fiber-based paper, although some were
black and white prints on resin-coated paper. There were also afew samples of color slides, as well as color or chromogenic
prints on resin-coated paper.
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Boxes packed with like materials in the same order

The same boxes that contained the expendable materials were used in the study.
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Boxes in 2" of tap water for 24 hours
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All of the 12 boxes were immersed in 2" of water.
Half of the boxes had 8 liters of tap water poured over their tops to approximate an overhead water event. This was done to
achieve two levels of wetness.
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In preparation for freezing and shipping, the 12 boxes were then wrapped in 2 sheets of 4-ml polyethylene sheeting, one at atime,
and all seams heavily sealed with packing tape.
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This was done based on recommendations from the vendors to send the records frozen, overnight express.
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-5 degrees F

4 days

The wet and wrapped boxes were placed in 2 chest freezers for 4 days. A datalogger was placed in the freezer to determineits
temperature.
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They were then wrapped in Kraft paper and shipped overnight via FedEx..
Recommendations were made that the boxes not be sent on a Friday so that they would not arrive over the weekend.
All boxes were mailed on a Tuesday around noon and were delivered by 2 p.m. the following day.



Alr Drying

I will now briefly illustrate the air drying procedure used to dry 2 boxes of records.



http://www.archives.gov/preservation/conferences/lessons_learned.html

|- ..

1 | iy
ook
L =IL!
q'I

-

s ' - S - l .- - ok “.I- '.'- '_.l. |-| o '_*:.r ‘1 T :". = -- '
e ' - = e "'-' "h .-.-i- el
i - "“‘-u"' ‘ -"'l"} s .ﬂ;-q .3 .

After 24 hours of thawing the plastic sheeting was removed from the boxes and the records were removed for drying
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Items were laid onto work surfaces covered with blotter paper. Attention was paid to maintaining the original order of the files
and contents within.
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Pages of volumes were periodically turned.
Groupings of papers were turned to expose wet surfaces thought the process.
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Spundbond polyester sheeting was cut and interleaved between coated papers. For comparison, half of this booklet was left to dry
without interleaving.
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Shrink wrap does not provide a moisture barrier, as you can see.

Shrink wrapped volumes would normally have their film removed to alow drying.
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For experimental sake, | left the volume wrapped to seeif it would successfully dry without removal, and if so, how long would it
take?
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The encapsulated items were sealed in 4-mil polyester film using the ultrasonic welder. To my surprise some encapsulations
displayed areas of wetness. This migration of moisture may have resulted from aflaw in the seal, but none could be observed.
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detail
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These three sheets of paper were placed into polyester L-sleeves, and placed as a grouping within the box, yet only one, the sheet

made of newsprint got wet, totally saturated. This sponge like property of the groundwood containing paper was observed in
numerous situations throughout the holdings within the box. Often newsprint papers would be totally saturated while adjacent
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sheets would only be wet up to the 2" water line.



The photographs were dried in blotter packs, as thisis the optimum method of recovery. In ablotter pack, the photographs are
placed face down between layers of smooth polyester webbing, then blotter paper.
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The polyester webbing is essential for preventing the photographs from sticking to the blotter.
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Multiple layers of sandwiched photographs were placed on top of each other, saving valuable work space.
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The entire pack was then covered with plexiglass for even pressure. Weights were added to minimize distortion.

Thisis essentially a one-step process because the prints can be safely dried, usually resulting in relatively flat prints with no
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discernable surface change.
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For the 2 Day Period Feb. 22 to Feb. 24, 2002
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Feb. 22

Drying was successfully completed in 2 days.

T--just above 70

Feb. 24 !

Relative Humidity
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RH -- between 20 and lox 30 %



Desiccant

drying on-site
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I’d like to thank Alan Kramer for sharing a section of the temporary on-site desiccant drying chamber at the WNRC. The
experimental records were arranged in the same manner that has been used in the chamber.
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Photos would customarily be dried in the same blotter pack fashion as Brendaillustrated with air drying. But for experimental
sake, the photos were desiccant air-dried horizontally, in asingle layer, emulsion side up on shelves with the PV C poles removed.
Thiswas done to seeif there would be exacerbated cockling due to the unrestrained drying in warm dry air.



PV C poles used to support ledger books.
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]

Records set out to desiccant-dry after thawing

-

Note the use of corrugated boards and blotter paper as supports, as you saw pointed out in Susan’s presentation.
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Same records after 48 hours of desiccant drying
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T and RH of Drying Chamber at Suitland
For the 5 Day Period Feb. 25 to March 1, 2002
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Range average of T 65-85 degrees F

RH 5-20 %

Relative Humidity
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All materialsthoroughly dried in 5 days



Desiccant

drying In-situ
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In-situ drying has been recommended in the literature for damp materials.

These materials were beyond damp. But | couldn’t pass up the opportunity to seeif the dry air would allow the boxesto
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eventually dry, without the adverse affects of mold. A datalogger was placed next to the boxes to record environmental
conditions, and % moisture content data was recorded daily to track the drying progression.



Moisture
content was
measured
daily and
recorded

Janet Kennelly, archivist at the WNRC, kindly agreed to take the measurements for me and record the data. Sheisusing a
Delmhorst P2000 moisture meter.
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Delmhorst moisture meter with 12" probe

Delmhorst p2000 paper moisture meter
70--90 F
measures the rel ationship between moisture content and electrical resistance
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4.3-18% mc



Note: the 12" probe, how it allows easy measurement down to the floor of the box. Thisisimportant asthisisthe areathat is
most often the wettest.
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T and RH of Drying Chamber at Suitland
For the 13 Day Period Friday, Feh. 22 to Thursday, March 7, 2002
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Thein-situ drying trial had to end on thel2th day as the WNRC drying project ended. The rented drying equipment needed to be
returned.
The boxes never dried. A core area of the wet box started out at 18.2 % moisture content and remained at that percentage with the
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last reading. The sides and ends were beginning to dry.

The less wet box went from 16.0 to 15.3%. Over the 12 day period.
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Desiccant dry in-situ

Thisiswhat the desiccant boxes looked like when they were removed from the chamber...all iswell, but
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Shrink wrapped volume

When the items were remove a strong smell of mold emerged and several items were observed to be actively growing mold.
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Prhment sample within folder of papers
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Desiccant drying In-situ

Due to the . the
samples were eliminated

from further comparison

All of the contents were bagged and discarded.
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Comparisons and
Observations

* Original order

¢ Physical effects of drying treatment

| will next address visible observations and comparisons of the dried materials.

These are some comparative elements that | kept in mind while examining the processes.
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Desiccant dry on-site
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Note: the holdings went out in 2 boxes and returned in 4. Thiswasin part due to the distorted photographs and cocking that
occurred in the records.
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The vendors returned the items in new boxes. This was an added charge that | had not been made aware of.
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Boxes returned from vendor

Note the inclusion of original box labeling information.
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Boxes returned from vendor

Only one of these boxes contained a labeling fragment from its previous box. Vendor file numbers were written on the outside as
were the shipping numbers, 1 of 4, 2 of 4 etc. but no other original information was preserved and returned by the vendor.
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Note the order of items within these two boxes. | packed each box in an identical way, but here we see the items packed in a
dlightly different order. The box on the right has additional items tucked in to the right of the box. Some of these items actually
belong to another box.
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Bound Records
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Vacuum
Freeze-Dry

Thermal Wacuum
Freeze-Dry

Control

In this comparison, samples representing the desiccant dry system are absent. | only had 4 samples of this oversewn binding to
include in the study.
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The thermal vacuum freeze-dry and freeze-dry samples ook good, especially the thermal vacuum freeze-dry book, barely a
perceptible change.
Remember, thisis the process that employees a compression system in the drying process.
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Control

LETRITE]
TEewiipal-0iirs

Thermal vacuum Vacuum freeze-dry
freeze-dry

Note the openabiity of the two vacuum samplesto the air-dry and control. Both the thermal freeze-dry and the vacuum freeze-dry
samples felt stiff and exhibited a slight resistance to opening flat.
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Here | had enough sample to expose to all the drying systems. This book is bound with a metal fastener, an ACCO fastener to be
specific,and all ook good. The most pronounced distortion exists with the air-dried volume, resulting from the flat open format
that was used to dry the pages.
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iJn-site Off-site Yacuum thermal Yacuum freeze-
desiccant dry desiccant-dry freeze-dry dry

Cantral

Again, another comparison of the bound format. All looking acceptable; the desiccant samples show the greatest distortion. It's
undetermined if the distortion exhibited by the thermal vacuum freeze-dry sample is from the compression process or if the
volume remains distorted from shipment.
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Thermal wacuum
freeze-dry

All vinyl 3-ring binders faired quite well except for the thermal vacuum freeze-dried sample. It appears that the some aspect of
the process had an adverse effect on the vinyl and the on the toner of the Xerox insert.
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Thermal v acuum freeze-dry
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The same effects can be seen on the inside of the cover. It appears asif the heat is afactor here, perhaps making the vinyl
plasticizers more mobile. Y et, the pages with the same toner media are not blocked.


http://www.archives.gov/preservation/conferences/lessons_learned.html

Shrink Wrapping
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Thisimage shows that the shrink wrapping needs to be removed in all cases except for those involving vacuum freeze-drying to
effect safe drying.
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Photographs

The preservation literature is fairly consistent with the proper course of action in the recovery of water damaged photographs.
Quick separation of the photographs and air drying is the most preferred method of minimizing damage to the prints. In order to
gain some working time without incurring mold growth, photographs that have not been allowed to partially dry can be
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immediately frozen. They can then be thawed at a more convenient time and place followed by immediate air drying. Vacuum
freeze drying can be used to salvage photographs, however the process must be used judiciously because mottling of the

photographs’ surface will occur.
While an evaluation of our test samples confirmed this traditional advice, it may be useful to share afew observations



The most crucial aspect of successful air drying isthe timely separation of photographs before they partially dry. Otherwise, the
photographs will block, and even subsequent immersion in water may not allow for successful separation. If the photos were



http://www.archives.gov/preservation/conferences/lessons_learned.html

frozen, they must be separated as they thaw, to prevent the prints on the edges from drying before the core of the stack is thawed.

Unrestrained drying is usually a safe procedure for photographs but frequently results in moderate to severe physical distortion, as

evident in thisimage. Here you can see photographs dried in ablotter pack are much less curled than the samples that were air
dried on atable or hung on clips.

Photographs that are curled cannot be adequately stored without further treatment to reduce distortions. This second phase of
recovery can add significantly to the overall expense.



On-Site OfT-Site
Desiceant Dry Desiccant Dry

Severe curling is possible with desiccant drying as well. The photographs on the |eft were not restrained as they dried on-site and
as aresult are quite distorted.
The photographs on the right were restrained with clips and have only a slight overall curve. This flatter effect is the result of
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each photograph being separated prior to drying and heat pressed once they were dry.
We were not aware of this part of the procedure. Y ou need to be informed, in advance, of what the records will be exposed to in
the event the procedure is unacceptable for certain materials based on type and/or intrinsic value.



Asthis dlide indicates, the use of clips on damp photographs can easily result in the crimping of the photographs at the site of the
clips, and in some cases, cracking and flaking of the emulsion.
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Off-Site
Desiccant Dry Freeze-Dry

The sample photographs that were vacuum freeze-dryed had no overall curl but they did have moderate to severe cockling, or
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small undulations, as seen in the photograph on the right. The surface of the photographs also had a mottled appearance, in that
there were patches of glossy and matte areas.



Some of the sample photographs were in enclosures. Photographs left in Mylar L-sleeves generally dried well within the L-
sleeves but with some surface gloss changes. Thiswas true for all recovery processes, except for off-site desiccant drying because
the vendor removed the L-dleeves. Photographs were removed from paper enclosures by the vendors but while one vendor placed
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all photographs back in their paper enclosures prior to being returned, the other did not.

| dentification of photographs either as labeled enclosures or attachments can be critical for the proper use of the photographs.
Many of the sample photographs had paper |abels attached with a water-soluble adhesive. This proved to be a challenge for
successful recovery efforts. It was not uncommon for the attachments to become separated from the photograph during the initial
wetting process. Attachments need to be kept with their corresponding images, especidly if the information on the attachmentsis
very similar, technical or in aforeign language. For example, the labels with French inscriptions for these two photographs were
switched. In areal post-recovery operation, this could lead to the need for increased staff time reorganizing the material or even
result in the dissemination of inaccurate information about an image.
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In the test samples, some attachments were not resecured. In other cases, vendors kept the attachment with the photograph with
the aid of post-it notes or paper clips. The benefit of thisisthat the information is kept with the image. The disadvantage is that
more time will be need for staff to correctly reassociate the information and rehouse the photographs in the post-recovery phase.
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If many photographs with attachments or labels are to be recovered, it may be worth specifying to the vendor how the information
Isto be kept together, either with the use of enclosures, archival tape or another mechanism of choice.

This could add significantly to the overall recovery cost of the photographs. In fact, even without this added service, it is not
uncommon for vendors to add a surcharge per photograph to be recovered. One should clearly specify how many and what types
of photographs are included when seeking recovery estimates from vendors.



Paper Records
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Basically al of the processes displayed a good end result regarding the drying of 1oose sheets with tapes and soluble inks. It is not
possible to determine if the bleeding was exacerbated by the drying process or the dwell time in a wet state during transit.
Pressure sensitive tapes did not appear to be altered. This slide shows how a group of materials faired that were inserted under the
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flap of agummed envelope. The only sample that stuck was the on-site desiccant drying as things were put out on the shelvesin
clumps and did not receive item intervention.
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Coated Paper
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Rolled Records
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Polyester L-sleeves
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Encapsulation
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Fasteners
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Conclusions
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L essons Learned

‘items may receive additional treatment that you are not aware of
original order may be disrupted

«intellectual control may not be preserved

*records may not be returned or become lost

* fees may be added without prior consultation or authorization
-ohe record storage box is often billed as 1.2 cubic ft.

*‘minimum fees can make a small drying project expensive

*specify how you would like groupings of records re-associated if their
fasteners, folders, etc. cannot be preserved

«carefully consider method of delivery to the drying facility

*make sure you and your vendor are using the same technology
terminology
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